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7ABSTRACT
An artificial diet with an amino acid composition similar to
that of brine shrimp, Artemia salina, was developed. The efficiency of
this diet and the nutritional effect of dietary protein levels on juven-
ile spot-prawns, Pandalus platyceros, of four size-groups, were evalu-
ated using diets with protein levels ranging from 10% to 50%, with live
brine shrimp as control. Results show that shrimp fed with live brine
shrimp had highest growth rate. Since growth on the 40% protein diet was
not significantly different in most cases from that attained by those
fed the brine shrimp, the present diet formulation is presumed to be
nutritionally sufficient. Among the formulated diets, growth rate and
feed efficiency were found to be positively correlated to the dietary
protein level, especially in low protein diets, and inversely related to
the size of the animal. Neither tail muscle composition nor assimilation
rate seemed to be affected by protein levels in the diets. Effect of
different diet treatments on survival was inconclusive due to a fungal
disease problem. Molt frequency, on the whole, was found to be correlated
to the dietary protein levels. Results on growth, food consumption and
feed efficiency are discussed and compared to that of other economically
important species of shrimp.
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INTRODUCTION
The culture of shrimp has been a profitable enterprise for many
years in some parts of the world such as Southeast Asia and Japan,
where large areas of tidal marshes or coastal waters have been converted
to shrimp ponds. Basically, shrimp farming can be divided into extensive
and intensive types. In natural ponds, using extensive culture methods,
the shrimp either depend (1) on natural food found in the pond, (2) on
supplementary feeding supplied by fertilization of the pond water to
enhance the growth of algae which in turn may serve as food to the shrimp,
either directly or indirectly through the food chain, or (3) on direct
supplementary feeding, usually utilizing economical, unprocessed feed-
stuffs such as trash-fish, squid meat, clam meat, brine shrimp (for larvae
or juveniles), and many others. Intensive culture methods usually employ
smaller concrete ponds stocked at higher density, with artificial aera-
tion and water exchange. Animals in these ponds depend solely on direct
feeding, as there is little natural food available. Although extensive
methods lower production costs, they frequently result in lower production
of shrimp in terms of weight per area and a much prolonged culture period.
On the other hand, direct feeding can overcome these problems, though the
cost of production is greatly increased as these feeds either must be
purchased directly or require increased efforts and space to raise, store
and maintain. Additionally, the most economical feeds like trash-fish,
usually are low in feed efficiency and may create problems such as nutri-
tional inbalance, fouling of water and subsequently the depletion of
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dissolved oxygen in the water.
The successful development of dry pelleted feeds for land animals
ranging from chicken feed to cat chow has suggested to shrimp culturists
an alternative method of feeding. The subsequent successes in the culture
of trout, salmon and catfish on dry pelleted feeds further substantiated
the possibility of raising shrimp on artificial diets. The many advantages
of a dry pelleted diet over natural unprocessed feeds for marine crusta-
ceans were summarized by Shleser and Gallagher (1974), in that "it is
economical its composition can be optimized to suit the nutritional re-
quirements of the animal fed its composition is reproducible it can be
made with acceptable storage properties and with a long term stability in
sea water and it can be easily distributed to the animals. "In addition,
it is sterilized during the manufacturing procedure and hence is less
likely to transmit any potential pathogens to the cultured animals.
In the development of pelleted feeds for raising shrimp, th,_ first
and most crucial factor to consider is the nutritional efficiency of the
feed. Besides this, factors such as the stability of the diet in sea water,
its acceptability and attractiveness to the shrimp, the ability of the
shrimp to digest and utilize it, as well as the optimal dietary protein
level used, must also be given serious consideration in order to produce
an economical, efficient diet.
Up to the present, basic research studies on shrimp nutrition are
far from complete and adequate. Among Crustacea, only the brine shrimp,
Artemia sauna, and a cladoceran, Moines macrocopa, have been successfully
reared axenically on synthetic diets suitable for traditional nutritional
studies. Deletion experiments with such diets showed thiamine, riboflavin,
nicotinic acid, pantothenic acid, folic acid, biotin and putrescine to be
3essential, carnitine, inositol and choline nay be also necessary, for
development to adult stages of Artemia salina (Provasoli and Shiraishi,
1959). Moina macrocopa, found to have similar requirements of water
soluble vitamins, also required cholesterol, vitamin A, D and E, and
fatty acids (Conklin, 1973). From respI.ratory quotient studies using
radioactive C14O2, Huggins and Munday (1968) found that carbohydrates
are comparatively unimportant in crustacean energy economy. However, in
view of the extensive array of digestive enzymes, particularly polysacc-
harases in the hepatopancreas of some species, it is tentatively suggested
that carbohydrates, though of rather minor importance as an immediate
substrate source for oxidative metabolism, do play a role during molting.
Radioisotope methods have been used to indicate essential fatty
acids and sterols in crustaceans. With the crayfish, Astacus astacus,
radioactive carbon from acetate--C14 appeared in many fatty acids with
hcaviest labeling occuring in oleic and palmitlc acids. The recovery of
label from several long poly-unsaturated fatty acids characteristic of
Crustacea (C C C), but not from linoleic acid (C), hint
20:2' 20:3' 20:4
that in some crustaceans, as in many insects, linoleic acid may be a diet-
ary essential (Zandee, 1966a). On growth studies, Penaeus aztecus also
obtained a 12% increase in growth rate on a diet with supplemental addition
of 1% of linolenic acid (Shewbart, Mies and Ludwig, 1973).
Cholesterol appeared to be the most important sterol found in most
crustaceans (Teshima and Kanazawa, 1971). Since in several decapods (Cancer,
Astacus and Homarus), isotopic studies show no incorporation of labeled C14
from acetate or mevalonate into cholesterol (Van den Oord, 1964 Gosselin,
1965 Zandee, 1966b, 1967), it seems likely that, like insects, crustaceans
generally require a dietary sterol.
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Radioisotope methods have also been used to indicate essential
amino acids. Again, with the crayfish, Astacus astacus, radioactive
carbon from injected acetated-C14 appeared in glutamic acid, aspartic
acid, alanine, glycine and serine, but not in valine, leucine, isoleucine,
threonine, lysine, histidine, phenylalanine and tyrosine, though tyrosine
became active if 3-C14-phenylalanine was supplied (Zandee, 1966c). This
was further supported by the work of Cowey and Forster (1971) on the
prawn, Palaemon serratus, as little or no C14 was incorporated in arginine,
methionine, valine, threonine, isoleucine, leucine, lysine, histidine,
phenylalanine and tryptophan. Shewbart, Mies and Ludwig (1973), in studies
on the brown shrimp, Penaeus aztecus, obtained similar results to those
of Cowey and Forster. These results show that the amino acids essential
to crustaceans are also essential to insects, and even to vertebrates.
Among all the components in a diet, protein is predominately cru-
cial to growth and development as it constitutes the major portion of bui-
lding and functional materials such as muscle, blood, enzymes, etc. Since
the short-necked clam, Venerupis philippinarum, and squid meal are among
the most efficient feeds known for the prawn, Penaeus japonicus, the quan-
titative amino acid composition of the three were compared by Deshimaru
and Shigeno (1972). The results, which showed a great similarity in distri-
bution patterns of amino acids among the three, led to the conclusion that
an efficient diet should have an amino acid composition of its protein
similar to that of the animal fed on the diet.This was supported by work
on comparison of amino acid distribution in brine shrimp, Artemia salina,
an efficient food to juvenile lobster, Homarus americanus, with that of
Homarus (Gallagher, personal communication).
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In development of an artificial diet, the choice of protein sou-
rces is mainly determined by cost and assimilation efficiency. In study-
ing the digestion and absorption of protein from various sources in four
species of shrimp, Penaeus laponicus, P. monodon, P. semisulcatus and
Metapenaeus monoceros, Lee (1970) noted that there are differences among
the shrimp in their ability to utilize various protein sources. Forster
and Gabbott (1971) carried out similar studies on Palaemon serratus and
Pandalus platyceros on a greater variety of protein sources from animal,
plant and microbial origins, and came to a similar conclusion. On the
average, most shrimp had a fairly high assimilation rate (75.4-97.9%) on
the protein sources tested,
How much protein should be used in the diet to obtain the best
growth and survival is of major concern in the development of shrimp diets.
Use of protein levels above the optimum for the species concerned not only
increases the cost of production, but lower growth rates are frequently
observed. The feed efficiency and growth rate of juvenile Penaeus j apon-
icus increased with increasing dietary protein levels up to 76% (Deshi-
maru and Shigeno, 1972). The optimal dietary protein level for Penaeus
monodon was found to be between 40-50%,. with higher levels resulting in
a lower growth rate (Lee, 1971). Hence, the optimal protein levels in
diets seem to differ widely from species to species, a variation which
may be correlated with the differences in natural diets.
Unlike pelleted foods prepared for domestic animals, feeds deve-
loped for shrimp require a fairly high stability in sea water. In feeds
prepared for trout, salmon and catfish, the problem of stability in water
is not very critical as these fish immediately ingest most of the feed as
it enters the water. The shrimp, however, besides being slow-feeders,
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have the habit of manipulating and masticating their food with their ant-
erior appendages before ingestion. Unless well bound, particles usually are
dislodged during this process. Besides being wasteful, it may also led to
problems in selection and rejection of certain food components (Forster,
1972). As the water-stability, texture and form of the diet was greatly
determined, qualitatively as well as quantitatively, by the binders used,
the selection of a suitable binder in appropriate levels is crucial to
shrimp diets. The use of calcium alginate-bond rations and propylene
glycol alginate-bond rations for marine crustaceans was discussed by
Meyer, Butler and Hastings (1972). The stability in water and effects on
growth of Palaemon serratus of a variety of binders in jelly, paste and
pellet forms were investigated and discussed by Forster (1972). An in-
expensive, simple and effective method for preparing water-stable diets
using wheat gluten as binder was described by Balazs, Ross and Brooks
(1973).
Improvement-in the attractiveness of the diet to shrimp will help
in solving part of the water-stability problem, because the feeds will be
more quickly ingested and, consequently, the time spent in water will be
shortened. Moreover, it may help to increase the amount of food ingested
and subsequently increase the growth rate. Unfortunately, up to the pre-
sent, little is known about feed attractants for shrimp. For Penaeus
aztecus, the addition of 5% fish solubles to the diets appeared to sti-
mulate more frequent feeding activity than oyster solubles, clam solubles,
and shrimp solubles (Shewbart, Mies and Ludwig, 1973). Also, in a study
of food attractants on Penaeus japonicus, linking biting and swallowing
factors, conducted by Hashimoto et al (1965, 1967), it was recognised
that the betain and homarin fraction among the quarternary ammonium bases
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obtained from the extracts of short-necked clam, Venerupis hp ilippinarum,
contribute the major attractant effect. Unfortunately, this failed to be
reaffirmed in a later experiment. Thus, the use of attractants in shrimp
diets await further investigation.
Reviewing the information and problems in development of artifi-
cial diets for shrimp, it is obvious that much more basic nutritional
knowledge of various economical important species is needed. In this ex-
periment, an artificial diet, with amino acid composition mimicing that
of brine shrimp, Artemia salina, was developed. The choice of brine shr-
imp as the model for nutrient formulation was based on two observations:
(1) the brine shrimp is an efficient feed for juvenile spot-prawns,
Pandalus platyceros, when compared to other diets, and (2) the amino
acid composition of brine shrimp is similar to that of spot-prawn, and
hence, a diet with amino acid composition similar to that will, theore-
tically, be -n efficient diet for the pawn (Deshi_maru and Shigeno, 1972).
In the feeding experiment, the major objectives were to study the effici-
ency of this diet on the juvenile spot-prawns, as compared to that of live
brine shrimp, and to investigate the optimal dietary protein level of
this diet for this prawn. Other nutritional factors, such as the stabili-
ty of the diets in water and the assimilation rates of the prawn on these
diets were also studied.
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MATERIALS AND METHODS
Formulation of the diets
The present diet formulation was developed by Dr. Douglas E.
Conklin of the marine food technology group, aquaculture project, at
the Bodega Marine Laboratory. Since brine shrimp serve as an adequate
food for juvenile shrimp, its amino acid composition was chosen as the
model for nutrient formulation in these diets.
Eight protein-containing food ingredients, egg white solid, sh-
rimp meal, yeast, alfalfa meal, soybean meal, tuna meal, wheat germ and
blood meal were used. The composition of each, including amino acids,
were collected (Tables 2, 3) and the formula of the diet with amino acid
composition similar to that of Artemia salina was worked out by computer
formulation. The protein levels in the diets were adjusted by varying
the amount of corn starch added, and five diets with protein levels of
50%, 40%, 30%, 20%, and 10% were made. In addition to lipids, sterols
and vitamins present in the eight ingredient feedstuffs, small amounts
of cod liver oil, lenolenic oil, cholesterol and vitamin E were added to
complete essential dietary requirements (Zandee 1966a, 1966b, 1967
Teshima and Kanazawa, 1970 Van den Oord, 1964; Gosselin, 1965 and Kan-
azawa et al, 1970, 1971). Due to preliminary results indicating poor
stability of the diets in sea water and the need for complete recovery
of uneaten food after 24 hours in order to calculate the daily food con-
sumption, a high level (3.5%) of sodium alginate was used as binder, with
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2% sodium metaphosphate as the chelating agent. The composition of these
diets is shown in Table 4. The deviations of amino acid composition of
the diets from that of the brine shrimp was calculated and shown in Table
5. A special set of diets was made with an addition of 2% chromic oxide
to serve as an indicator in testing the assimilation rate of the food
(Lee, 1970 Forster and Gabbott, 1971). The levels of protein, lipid and
carbohydrate of each diet were calculated from data in Table 3 and 4 by
multiplying the protein, lipid and carbohydrate level in each food ingre-
dient by the percentage in each diet. Caloric content of each diet was
enumerated by multiplying the per cent protein, lipid and carbohydrate
of each diet with an energy conversion factor of 5.7, 9.5 and 4.0 calories/
mg. respectively (Kleiber, 1961). Results are presented in Table 6.
Preparation of the diets*
All food ingredients were weighed and thoroughly mixed by a Ho-
bart mixer for a period of not less than 30 minutes. Ingredients such as
tuna meal, which consist of irregular-sized particles were ground by a
Wiley mill to a size which would pass through a 40-mesh screen. Hot dis-
tilled water was used to dissolve sodium alginate and sodium metaphosphate
in an Waring blender at 50% (v/w) of the total dry weight of the food
ingredients. The dry, well mixed ingredients were then mixed thoroughly
by hand with the alginate paste to form a dough, and then extruded with a
commercial macaroni extruder through a 2 mm. diameter die. The spaghetti-
like diet was immediately soaked in a 10% calcium chloride solution for
3 minutes, spread out in flat trays, and dried in an oven at 1650C for
normal diets (without Cr03) were prepared by Miss Kathryn M. Devers,
technical assistant of tie marine food technology group.
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approximately one hour. The food was then dried at 60'C overnight. Diets
with the addition of 2% chromic oxide were prepared by the same method.
Experimental animals
All shrimp for the feeding experiment were raised from larval
stages and were fed once daily with live brine shrimp, Artemia salina,
as the standard food. The initial body weights of the 168 shrimp used
ranged from 0.22 g to 1.77 g, and were arbitrarily divided into four
size groups of 42 animals each, A, B, C, and D with body weights ranges
of 1.77 g - 1.07 g, 1.05 g - 0.88 g, 0.86 g - 0.6 g, and 0.56 g- 0.22 g
respectively. Each size group, A, B, C, D was further subdivided into
six groups of 7 shrimp for testing the following six diets M50 (50%
protein), M40 (40% protein), M30 (30% protein), M20 (20% protein), M10
(10% protein), and BS (live brine shrimp, as control). A total of 28
animals were used to test each diet.
Rearing facilities
The system used was composed of white troughs (58"x12"x10")
made of ABS (Acrylic Butyl Styrene)., with each trough transversely divided
into 10 equal compartments by plexiglass plates glued by silicone sealant
(General Electric). Each compartment received an inflow of sea water from
a PVC (Polyvinyl Chloride) pipe at a flow rate of 300-500 ml/min. The
water from each compartment overflowed into a slit (1/8" wide) in a 1-
inch PVC pipe running horizontally across the whole trough through each
compartment. The overflow water entered a filter system composed of gravel
and charcoal (Figure 18). The system was partially recirculating with
continuous replacement from ambient sea water at a rate of 2-3 liters per
minute. The water temperature of the system was monitored by a thermosta-
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Strong ae-tic heater and was kept constant within a range of
ration was also provided at the sump by air pump and air stones. Envi-
ronmental parameters such as levels of dissolved oxygen, salinity, amm-
onia, nitrites, nitrates and phosphates were frequently checked to see
that they were within acceptable limits (Table 18).
At the start of the experiment, each group of animals was mass
Short sections of 1" diameterheld in each compartment
Tygon tubing were provided as shelter. Due to the observ.tion that some
shrimp were cannabalized by others during molting, the whole system was
rearranged at day 30 to create many smaller cubicles, each about one-
third of the original bottom area of each compartment, by perforated PVC
plates with holes 1/8 in diameters. Therefore, from day 31 to the end
of the experiment all shrimp were individually isolated.
Light conditions were not controlled. An approximate 12 hours
light-dark cycle each day was experienced, and animals of all groups
were assumed to be subjected to the same influence of the variation in
light-dark conditions.
Weighing, feeding and collection of residual food and faeces
All shrimp were weighed at 15 day intervals after the experiment
started. Before weighing, each shrimp was carefully dried with soft tis-
sue paper to remove any surface water, and then weighed to the nearest
0.1 mg.
Pelleted diets (1 cm. long x 2 mm. in diameter) were pre-weighed
and presented in excess to each shrimp in each cubicle. Before feeding,
residual food was collected by siphoning residual matter through a 32-




the holes in the screen. Remaining faeces and dirt were removed by gently
shaking the screen tray in a bath of clean, fresh water. The residual
food was then collected in separate vials, dried in an oven at 70°C over-
night, and weighed after cooling to room temperature. Control tests on
the rate of dissolution of each diet in water were carried out with at
least five replicates by putting a weighed amount of diet in an empty
cubicle and recovering it after 24 hours to determine the loss in weight.
After the 60 day feeding period, the shrimp were fed with the 2%
chromic oxide diets. Shrimp faeces (dark green filaments) were again re-
covered by siphoning, washed with distilled water, separated from dirt
by dilution, and then collected using a disposable micropipette. The fae-
ces were then dried in an oven at 70°C overnight and ground into powder
for chemical tests of chromic oxide and nitrogen content.
Chemical tests
Procedures of analysis of amino acid composition, body composition
and assimilation rates of the diets are outlined below:
1. Amino acid composition analysis
Live juvenile (8.0 g) and adult shrimp (27.8 g) were sacrified and
freeze-dried. 2 g samples of either the tail muscle or the whole shr-
imp were ref luxed with 200 ml. of 6N HCl for 24 hours. After filtration
and evaporation to dryness, the sample was diluted in 500 ml. of dis-
tilled water. A 0.1 ml. sample of this solution was run through a Tech-
nicon automatic amino acid analyser equiped with computer printout (
Technicon Auto-analyzer Methodology Manual, 1970). The results are
shown in Table 8.
132. Tail-muscle composition analysis
At the end of the feeding experiment, 2 live shrimp from each
group were sacrif ied and their tail muscle analyzed for the following:
a. Moisture: Moisture was determined by the indirect method of dry
heating in an cven at 1100C for 3-4 hours. Samples were weighed
before and after drying, and the percent moisture in the tail
muscle was determined by calculating the percent loss in weight
of the sample after drying.
b. Ash: The amount of ash in the tail-muscle was determined by incin-
erating dried samples in a Muffle furnace at 525°C overnight,
and weighing the residue.
c. Crude fat: Crude fat was determined by means of the Soxhlet dist-
illation apparatus, using anhydrous ether as solvent. Percent
fat was determined by calculating the loss in weight of the
samples of tar extractic-i.
d. Total nitrogen and crude protein: Dried samples of shrimp tail-
muscle were first dissolved in 50% concentrated sulfuric acid.
1 ml. of this dissolved sample was then analyzed by a Technicon
automatic nitrogen analyzer (Technicon Auto-analyzer Methodo-
logy Manual, 1970). Results, measured in total nitrogen, were
converted to total protein by multiplying by the conversion
factor of 6.25.
3. Assimilation rates
Assimilation rate of each diet was determined by incorporating into
each diet 2% of an inert reference material, chromic oxide (Cr203),
which can be determined quantitatively in very small samples of food
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or faeces (5-20 mg., McGinnis and Kasting, 1964).From the ratio of the
concentrations of the reference material to that of a given nutrient
in the food and the corresponding ratio in the faeces, the assimilation
rate can be calculated without determing either food intake or faeces
output (Maynard and Loosli, 1969). Assimilation rate was calculated by
the following equation:
Assimilation rate
Chromic oxide in diet and faeces was analyzed by wet oxidation of
the followed by colorimetric determination of the
dichromate ion with diphenylcarbazide (McGinnis and Basting, 1964).
Nitrogen in diet and faeces was determined by the Technicon automatic
nitrogen analyzer as in the determination of crude protein of the tail
muscle.
Analysis of experimental results
Results of the feeding experiment were analyzed statistica-Ily,
using a Hewlett-Packard calculator-printer model 20. Results on growth of
shrimp,of different size, under different diet treatments were analyzed
by the Student's t-distribution test (Sokal and Rohlf, 1969 Alder and
Roessler, 1964). The Spearman rank correlation test was used to analyze
results on the mortality, molt frequency, assimilation rates of diets and
tail muscle composition of the shrimp, of different diet groups, at the
end of the experiment (Siegel, 1956). Regression lines were constructed to
show the correlations between daily growth rate and dietary protein levels,
of different size groups and between daily growth rate and initial body
weight, of different diet groups.
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Presentation of experimental results
Results on survival rate, growth rate, food consumption, feed
efficiency, assimilation rate and molt frequency studies were calculated
using the following equations:
Survival rate (o)
Daily growth rate(%)





n number of shrimp survived at the end of the experimental period,
n0 number of shrimp survived at the start of the experimental period.
W: final biomass (only include those that survived to the end of the
period) at the end of the experimental period.
W0: initial biomass (only include those that survived to the end of
the period) at the start of the experimental period.
F1: total amount of food consumed in that experimental-period.
nl: number of shrimp surviving during x number of days of feeding.
W: mean body weight of shrimp at the end of the experimental period.
W0: mean body weight of shrimp at the start of the experimental per-
iod (only include those that survived to the end of the period).
M: total number of molts in the period.
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RESULTS
The levels of protein, carbohydrate, lipid, and total heat calo-
ries per gram of each diet were calculated and are presented in Table 6.
Properties of the diets, including the actual protein level, moisture
content, and stability in sea water, are shown in Table 7. The amino
acid composition of the spot-prawn analyzed is presented in Table 8.
Overall results on growth, survival, molt frequency, food consumption
and feed efficiency of this experiment and of each experimental period
are summarized in Tables 9-13 and Figures 1-10.Results on tail-muscle
analysis of shrimp at the end of the experiment are presented in Table
14, and the assimilation rates of shrimp on each diet are shown in Table
15. Information on the diseased shrimp and those which died during t'_-_e
experimental period are presented in Table 16 that of molt frequency are
presented in Table 17'and some parameters on the water quality of the
system are shown in Table 18. The results on statistical analysis of
growth of shrimp under different diet treatments are shown in Tables 20-
24, and that on mortality, molt frequency, assimilation rates of diets,
and body composition analysis are presented in Table 19. The relationships
between daily growth rate and different dietary protein levels are shown
in Figure 11-15 those of feed efficiency and dietary protein levels are
shown in Figure 17 and those of daily growth rate and initial body size
of the animals are shown in Figure 16.
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The diets
From Table 5, it is evident that the deviation of amino acid
composition of the diets from that of Artemia is small. Only four amino
acids, arginine, isoleucine, lysine, and tryptophan are lower in the
prawn. In Table 6, the percent protein, carbohydrate, and lipid, together
with the total heat calories of each diet were calculated and compared
to that of the brine shrimp (control). For each gram of dried food, the
total calories are 4,049, 4,096, 4,124, 3,986 3,954, and 4,317 for diets
M50, M40, M30, M20' M10 and brine shrimp respectively. The protein levels
of the diets determined by chemical analysis are very close to the cal-
culated values (Table 7). The stability of all diets, except M50, in sea
water was good (13.8%-15.9% loss in weight after 24 hours in sea water,
Table 7). M50, however, lost 44.7% of its original weight, resulting in
the complete breakdown of the pellet form.
Amino acid analysis
By comparing Table 8 to Table 1, similar patterns in the amino
acid distribution of the spot-prawn to other crustaceans are noted. Valine,
tryptophan, serine and phenylalanine are slightly lower than average, the
rest being quite close to values for other crustaceans. No peak for cys-
teine was shown. A considerable amount of nitrogen was measured in the
form of ammonia.
Growth
Results of the feeding experiment show that the growth rates of
the shrimp had a positive relationship to the different dietary protein
levels. In all cases, the brine shrimp group had the highest growth rate.
Among all the artificial diets, the following decreasing order of grow-th
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rates of M40, M50, N30, M20, M10 held for group A. B. and D. with the ex-
ception of group C, in which M30 had the highest growth rate (Figures 1-
5). Taking the mean growth rate of the brine shrimp group as the standard
(100%), corresponding values for groups M40, M50, M30, M20, and M10 were
90%, 83%, 75%, 51%, and 24% respectively (Table 9).*All data was grouped
in four experimental periods and are presented separately in Tables 10-
13. From Figure 11, change in dietary protein level was seen to have a
greater effect on the daily growth rates of smaller animals (except group
C). When parabolic regression curves were constructed, the optimal protein
level, in terms of growth rate, varied within the four size groups between
the 30% and 50% levels (Figures 12-15).Though shrimp of all groups contin-
ued to grow and showed an increase in body weight during the experimental
period, the growth rates in each period were not the same and there appe-
ared to be a slight decline in the-growth rate with time (Figure 10). How-
ever, this decline in the growth rate is only a generalized picture of a
quite non-uniform situation if independent groups A. B, C, and D are con-
sidered separately (Figures 6-9). When results of these four size groups
are compared, it is seen that the growth rate is inversely related to the
animal size and, in turn, this relationship is positively correlated to the
dietary protein levels (Figures 16). Results from statistical analysis in-
dicated that, generally, growth of the animals correlated more significantly
with the dietary protein level when fed low protein diets (30% or below,
Tables 20-25).
Food consumption and feed efficiency
Since the amount of brine shrimp consumed each day was not deter-
mined, no data on food consumption and feed efficiency for the brine shrimp
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group were collected. As to the artificial diets, daily food consumption
were in the decreasing order of M40, M50, M30, M20, M10 (range: 1.67%-
1.24%). When the feed efficiency is considered, M50 stands highest in
the decreasing order, 150, M40, M30, M20, M10 (range: 84.71%-43.58%).
Again, similar to results from growth rates, the smaller animals gener-
ally had higher values for daily food consumption and feed efficiency
than the larger animals. When results of the four consecutive periods
are compared, it is noted that daily food consumption fluctuates with
time. The variation in feed efficiency is greater in the low protein
diet groups (M20, M10) than the high protein diet groups (M50, M40
Tables 10-13, Figure 17).
Survival
Considerable variation in survival was evident among groups. The
lowest survival rate (57.14%) occured in the M30 group, while the highest
(85.71%) occured in the M50 group. Mortality ranged from 1.2% in the
first period to about 11.9% in the last period (Table 16). Of the 25.6%
total mortality, 70% of all the dead shrimp were found to have black spots
on their gills, carapace and, occasionally, in the abdomen. These black
spots are typical symptom of infection of the animal by the fungus, Hali-
phtorus milfordensis*. Other causes of death included unsuccessful molting,
cannabalism during molting, muscle necrosis due to stress from excessive
handling** during weighing, jumping out of tanks and other unknown reasons.
A statistical test shows that there is no correlation between the mortality
* information from the bacteriology and pathology group, the identification
was preliminary.
**Handbook of Diagnosis and Control of Disease in Mariculture, 1974. Informal
Report No. 19, 174pp. Oxford Lab., Middle Atlantic Coastal Fish. Center,
National Mar. Fish. Service, NOAA, U.S. Dept. of Commerce.
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and dietary protein levels (Table 19).
Molting
Total number of molts was highest in the brine shrimp group.
Among the groups fed with the artificial diets, M50 was highest, followed
by M40, M10, M30, M20 (Table 9). Since total number of molts was affected
by mortality, molt frequency of each diet group was enumerated by divi-
ding the total number of molts by the total number of shrimp-days, thus
taking mortality into consideration (Table 17). Statistical analysis on
molt frequency shows that there is, generally, a positive correlation be-
tween molt frequency and the dietary protein levels (Table 19). The brine
shrimp group was found to have a higher molt frequency than any of the
artificial groups.
Assimilation rate
Assimilation was only deteriuined among diet groups. Variation
among different diets was small (range: 75.5%-77.9% Table 14). No cor-
relation between dietary protein levels and the assimilation rate of
diets by the shrimp was demonstrated by the Spearman rank correlation
test (Table 19).
Body composition analysis
Results of analysis of the tail muscle of shrimp from different
groups at the end of the experiment are shown in Table 14. The result,
again, show no correlation with dietary protein levels (Table 19).
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DISCUSSIONS AND CONCLUSIONS
The results of tissue analysis show that the amino acid composi-
tion of the spot-prawn, Pandalus platyceros, is similar to that of other
crustaceans (Table 8). The reason for the low values obtained for valine,
tryptophan, serine, phenylalanine and the complete absence of cysteine
in this analysis is assumed to be due to the destruction a percentage of
these amino acids during the digestion process, in which the amine nitro-
gen was converted to ammonia.
In the feeding experiment, significant differences in growth of
shrimp under different diet treatments were observed only among the low
protein diets (Tables 20-24). Because each artificial diet was approxim-
ately equal in caloric content (Table 6), this significant difference
was not due to difference in heat contents of the diets. The consistency
of results from all groups (Tables 9-13, Figures 1-5) led to the conclu-
sion that the growth rate of the spot-prawn has a positive relationship
with dietary protein levels when fed with low protein diets. This relati-
onship becomes less significant as the dietary protein level exceeded 30%
(Tables 20-25, Figures 12-15). This conclusion may be further justified
by the hypothesis that carbohydrates are comparatively unimportant as an
immediate- substrate source for oxidative metabolism in crustaceans, except
during molting (Huggins and Munday, 1968 Dadd, 1970). Since, according to
this hypothesis, a portion of the protein absorbed from food will be used
to provided energy for metabolism rather than for growth, the retardation
in growth would be expected to be more serious in the case of low protein
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diets while as the protein content in the diet goes up, it may reach a
point where it is no longer growth limiting.
The determination of optimal protein level was complicated in
this experiment by the significant difference in stability between the
diets M40 and M50 (Table 7). As the M50 diet dissociated in water, its
physical texture and consistency might have changed to a state which was
less acceptable or available to the shrimp. Consequently, shrimp fed on
this diet might have only been able to feed during a limited period in
every 24 hours while the diet was still in an acceptable state. If so,
there is the possibility that the lower growth rate or. the M50 diet,
compared to the M40 diet, actually resulted from lower food consumption
rather than other factors. Also, it is important to note that during the
collection of residual food, some small particles of the less stable M50
diet may have passed through the 32-mesh screen tray used to collect re-
sidual food this loss of diet --Tould have been counted as part of the
food consumed. Hence, in spite of the results showing that the M40 group
had a higher growth rate than the N50 group, there is not enough data to
conclude that 40% is the optimal protein level for this prawn. As shown
in Figures 12-15, depending on whether the growth data of the M50 group
in this experiment is accepted or rejected, two regression lines could
be constructed (linear, M50 rejected parabolic, M50 accepted). Inclusion
of the M50 group data would indicate an optimum dietary protein level
somewhere between the 30% and 50% levels. Exclusion of the contingent M50
group data results in a positive linear correlation of protein level with
growth rate. It is noteworthy that there is a similarity in the results.
of this study with those of Lee (1970) on Penaeus monodon in which the
highest protein diet (62.5%), which contained 2% dextrin, had a lower
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growth rate and a higher dissolution coefficient in water than the next
highest protein diet (45.75%), which contained 23% dextrin. As the M50
diet contained no starch, its low stability in water is postulated to be
due to the lack of the supplementary binding effect resulting from the
gelatinization of starch present in the diet during the preparation pro-
cess (Balazs, Ross and Brooks, 1973).
In all cases, the control group, those animals fed brine shrimp
attained the highest growth rate. The superiority of brine shrimp over
other diets may be a result of their having been in a more acceptable
state (live) and/or were a better balanced diet.However, since brine sh-
rimp contain 42-58% protein (Gallagher*, Purina**, personal communication),
higher than any artificial diets tested except M50, there still exists
the possibility that their superiority over the other diets was due to
their higher protein level. Until stable higher protein diets (50% or
above) can be developed the effect of dietary protein levels above 40% un
the growth rate remain obscure. Due to the fact that the amount of growth
of the M40 group was close to that of brine shrimp (Table 20), it seems
apparent that the present formulation of diet is nutritionally sufficient
though further improvements may be possible.
Daily food consumption ranged from about 1-2% of the body weight
of the animal in this experiment. Smaller shrimp which consumed more per
unit body weight may have higher metabolic rates and thus require more
energy (Prosser and Brown, 1966). The result on daily food consumption of
this experiment, when compared to that of Peuaeus japonicus (1.0-6.8%,
* protein level of brine shrimp (dried) determined to be 42% by the
Technicon automatic amino acid analyzer.
**protein level of brine shrimp (dried) determined to be 58% by the
Kieldahl method of total nitrogen determination.
24Deshimaru and Shigeno, 1972) cultured at 23-28°C, and Penaeus sp. (11%,
Liao and Lee, 1972) cultured at 27-32°C, show that the spot-prawn con-
sumes less food relative to body weight. When the daily growth rates
were compared, (Pandalus, 1.4% Penaeus sp., 2.9% P. japonicas, 3.6%)
the spot-prawn showed a much lower rate than these two warm water spe-
cies. However, in view of the fact that there were differences in the
composition of the diets tested, in the size of the animals used, in
water temperature and in rearing system direct comparision of these sh-
rimps is not possible. The slower growth rate and lower food consumption
of the spot-prawn, which is a great disadvantage for a cultured animal,
is postulated to be due to the low water temperature (16+1°C) of the
present system. Unfortunately, the prospect of increasing the growth rate
of this prawn at elevated water temperature is discouraged by the work of
Wickins (1972), who demonstrated that water temperatures above 18°C result
in even slower growth rates in postlarval spot-prawns.
This prawn, however, seems to be quite efficient in utilizing the
food ingested for growth. Feed efficiency, in terms of increase in biomass
(wet weight) per unit dry weight of food consumed, was generally high in
high protein diets and decreased as the protein level of the diet decre-
ased (Table 9). From Figure 17, it is noted that the change in feed effi-
ciency was greater at lower protein levels (10%-20%) than with the higher
protein diets (30%-50%). This relationship of feed efficiency and dietary
protein level is probably due to protein being the only source of tissue
building materials. The results of feed efficiency in this experiment (44-
85%) are quite close to the range obtained for Penaeus japonicus (48-109%,
Deshimaru and Shigeno, 1972), and are much higher than those obtained for
Penaeus monodon (7-14%, Lee, 1970). On the other hand, the assimilation
25
rates of all diets for the spot prawn (75.5-78%) are quite close to those
for the Penaeus monodon (72-78%, Lee, 1970), and is comparatively lower
than the results obtained by Forster and Gabbott (75-97%, 1972) also for
Pandalus platyceros. Again, direct comparison between these shrimps are
precluded due to the differences in experimental conditions.
The body composition of the shrimp fed different diets did not
show any significant differences in protein, lipid, moisture, or ash con-
tent. The reason may be that the tissue sample comparisons were limited
to tail muscle, which, under ordinary conditions, would not be expected
to have any drastic composition changes, except with prolonged starvation
The similarity of tail muscle composition from different diet groups sug-
gested that dietary protein levels do not affect significantly the pro-
ximate body composition of muscle.
Survival of shrimp on different diets did not seem to have any
correlation with the dietary protein levels (Table 16) The evaluation of
different protein levels on the survival of the shrimp was complicated by
the presence of Haliphtorus in the system. Besides the loss in total bio-
mass, the infection by this fungus might, to some extent, interfere with
accurate evaluation of nutritional effects by imposing stress or impeding
respiration. In addition to the fungus, examinations of dead shrimp often
revealed the presence of epiphytes such as filamentous bacteria, blue-
green algae, and other organisms (Plate 4). These forms were presumably
introduced with incoming sea water. Improvements in water quality and sy-
stem design using more efficient filter mechanisms and ultra-violet treat-
ment on the incoming sea water would reduce the incidence of pathogens or
other micro-organisms.
The analysis of results on the total number of molts obtained from
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each diet treatment group was, again, complicated by the disease problem.
The method used in calculating the molt frequency in this experiment was
intended to minimize the effect of mortality on molting. Statistical.—
analysis of results show that, on the whole, the molt frequency was posi-
tively correlated with the dietary protein levels. However, when the four
size groups A, B, C, and D are considered separately, only the smallest
group D is statistically correlated to dietary protein levels. Shrimp fed
with live brine shrimp, seem to have higher molt frequency than those fed
with artificial diets the reason for this is obscure.
This experiment shows that the growth rate of juvenile spot-prawns
is positively correlated with the protein levels of the diet, up to 40%.
Two major problems were experienced, namely, the disease problem and the
difficulty in developing a stable high protein level diet (50% or above).




1.The amino acid compositiono of middle sized and adult spot-prawn,
Pandalus platyceros, were analyzed. Results show that spot-prawns
have amino acid patterns similar to other crustaceans.
2. An artificial diet with amino acid composition which mimics that of
brine shrimp, Artemis salina, was developed.
3. Diets with protein levels 50%, 40%, 30%, 20%, and 10% were fed to ju-
venile spot-prawns of four size groups for 60 days, with live brine
shrimp as control.
4. In all size groups, shrimp fed live brine shrimp had the highest-
growth rate.
5. As the grDwth rate of the 40% protcin diet did not show any signifi-
cant difference from that of the brine shrimp group, the present for-
mulation of diet is presumed nutritionally sufficient.
6. Growth rates of shrimp, _in general, were positively related to dietar
protein level. This correlation becomes less pronounced as protein
level goes above 30%.
7. Among all the artificial diets tested, growth rate was highest at the
40% protein level while feed efficiency was highest at the 50% protein
level.
8. Smaller shrimp were generally observed to have a higher growth rate,
a higher food consumption per body weight, and a greater feed effici-
ency than larger shrimp.
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9. Feed efficiency of the diets was found to be positively related to
the dietary protein level.
10. Assimilation rates of these diets and the composition of tail muscle
were not affected by different dietary protein levels.
11. Survival data of shrimp fed with different diets is inconclusive due
to the effect of a fungal disease which caused significant mortality.
12. Molt frequency, on the whole, was found to be positively correlated
with the dietary protein levels.
13. Results on growth rate, food consumption and feed efficiency of this
prawn are discussed and compared to that of other economically import-
ant species of shrimp.
29T able 1 . C omparisonof the amino acid compositionsof several economical
4 mnnrtantr • rur - - tnrean( % )
H omarus H omarus A rtemia P enaeus P enaeus
americanus vulgaris salina aztecus japonicus
G allagher B rown P urina S hewbart et D eshimaruetA mino
( per . comu. ) ( per . comu. ) ( per . comu. ) al 1 9 7 3 al 1 9 7 2acids
7 . 95 . 16 . 57 . 7 7 . 4A rginine
2 . 33 . 12 . 5 1 . 82 . 1H istidine
4 . 52 . 55 . 34 . 4 4 . 1I soleucine
7 . 87 . 28 . 18 . 64 . 7L eucine
8 . 27 . 37 . 69 . 57 . 3L ysine
2 . 83 . 42 . 72 . 3 3 . 2M ethionine
4 . 75 . 64 . 74 . 74 . 4P henylalanine
4 . 25 . 24 . 64 . 44 . 7T hreonine
1 . 41 . 01 . 00 . 91 8T ryptophan
4 . 35 . 05 . 44 . 55 . 1V aline
5 . 85 . 66 . 96 . 6 5 . 9A lanine
1 1 . 31 6 . 01 2 . 3 9 . 21 0 . 1A spartic acid
1 . 13 . 32 . 21 . 31 . 1C ysteine
1 6 . 61 3 . 31 4 . 21 6 . 91 4 . 8G lutamicacid
4 . 95 . 75 . 34 . 6G lycine 9 . 0
3 . 73 . 15 . 23 . 46 . 1P roline
4 . 34 . 94 . 84 . 94 . 1S erine
4 . 12 . 74 . 54 . 14 . 0T yrosine
1 0 0 . 0 9 9 . 91 0 0 . 01 0 2 . 81 0 0 . 7T otal
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Tnh1P 2 Aminn nrid rmmnnnitinn of the feed ingredients(%)
Shrimp mealAlfalfa meal Egg whiteBlood meal
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a: essential amino acids in rats
b: essential amino acids in crustaceans
*: level of protein
31Table 2. (continued)




















4.94.37.2 5.3S er ine
3.24.4 3.43.6Tyrosine
101.8 100.2 100.299.7Total
a: essential amino acids in rats
b: essential amino acids in crustaceans
* :level of protein
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Table 3. Composition analysis of feed ingredients
Tuna meal:























45.243.0Protein (N x 6.25)
*only the maior components are presented here
33Table 3. (continued)
Shrimp meal (Sea Pro):














Brine shrimp (Artemia salina, dried):




























Table 4. Composition of the diets (%)
M10M20M30M40
50
Ingredients (10Z)(30%) (20%)(50%) (40%)
5.024.5 13.718.1 9.3Egg white solid
2.0 1.02.94.9 3.9Shrimp meal
13.718.1 6.9 3.510.3Tuna meal
14.7 4.019.6 11.3 7.3Yeast
2.0 1.0Alfalfa meal 5.9 3.9 3.4
8.8 6.9 1.04.9 2.9Soybean meal
2.05.9 3.9 1.03.4Wheat germ
2.93.9 2,0 1.5 1.0Blood meal
0 23.5 39.7 57.7 74.4Corn starch
0.5 0.5 0.5 0.5 0.5Cholesterol
1.0 1.0 1.0 1.0 1.0Cod liver oil
1.0 1.0 1.0 1.0 1.0Linolenic oil
0.5 0.5Vitamin E 0.5 0.5 0.5
2.0 2.0 2.02.0 2.0Na metaphosphate
3.5 3.5 3.5 3.5 3.5Sodium alginate
100.10 100.00 100.10Total 100.10 100.40
36Table 5. Calculated deviations in the distribution of amino acid com-




60.46Histidine 58.70 586758.85 57.80
-5.77-5.42 -5.83-5.24 -5.03Isoleucine
2.01Leucine 1.00 0.49 0.990.92
-4.03-4.32-4.56-4.37 -4.29Lysine
-0.65Methionine 0.61 0.31 0.78 1.74
Phenylalanine 14.52 15.5314.52 14.31 13.94
Threonine 5.525.785.76 5.845.53
-1.40-1.31 -2.29-0.98-1.41Tryptophan
11.3810.72Valine 10.96 10.66 10.65
-12.57-11.75-12.20 -11.97-12.12Alanine
6.85Aspartic acid 7.927.33 7.19 7.45
-48.31-48.20-48.58 -48.48-48.43Cysteine
-2.08-2.98-2.41 -2.15 -2.28Glutamic acid
Glycine 3.054.404.38 4.38 4.86
-15.94-14.68 -14.94 -14.49-14.28Proline
26.85Serine 25.86 25.7125.71 25.51
-16.15-15.79 -15.67-16.00 -15.74Tyrosine
Table 6. Calculated values of composition and heat content of the diets
Livid Carbohydrate Total Moisture TotalProtein
calories/gm of food calories/gm
(calories foodDiets dry food(calories) (calories)
5.29 4.049M50 2,977 503 52013.03 4,000 1.252.23
39.00 2,223 4.45 423 35.11 1,401 4, 047 1.2 4,096
M 40
1.67829.43 4.28 407 48.93 1,957 4.042 2.0 4.124M30
M20 19.40 1,106 3.48 331 63.43 2,537 3,974 0.3 3.986
77.11
M10
10.07 574 2.53 240 3.907 3.9543,093 1.2
BS** 58.5 5.2C 4943,335 12.20 488 4, 317
According to Kleiber (1961). heat of combustion ner millivram of!
vrotein- 5.7 calories
livid a 9.5 calorleq
carbohydrate- 4.0 calories
**Inttomation from Ralston Purina Company on 100% dry samples
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Table 7. Protein levels, moisture contents and water-stability of
the diets
Diets Calculated Actual Moisture Loss inweight
protein protein ofdiets after 24 hours
levels levels (%) insea water
( % ) ( % ) ( % )
M50 52.23 52.00 1.2 44.65
M40 39.00 39.21 1.2 13.79
M30 29.43 29.00 2.0 15.96
M20 19.40 18.12 0.3 13.95
M10 10.07 10.50 1.2 14.58
Table 8. Amino acid composition of the spot-prawn, Pandalus platyceros(%)39






















a: essential amino acids in rat:
b: essential amino acids in crustaceans
Table 9. Summary of results of the feeding experiment (Periods I, II, 111, iv aay i to aay ou)
No. ofSurvivalFeedMean dailyMean wt. Mean rate Mean dailyFinalFinalTreatments Initial Initial
moltsraterate of efficiencyrate ofincrease of growthmeanno. ofmean& tank no. no. of



















H2O 1057.141.48 58.160.46 0.8464.211.1840.7274C
8100.001.70 80.981.39128.101.00 0.5670.444D 7
66.83 78. 57 9.250.87 1.281.39 71.860.530.86 5.5Average 7
1285,710.35 31.190.9222.691.64 0.3061.3475A
1257.140.43 1.58 32.830.22 23.284 1.187 0.965B
M10 0.59 1.29 48.29 57.14 94 1.01 0.29 40.750.7275C
1.18 85.71 761.990.680.63 0.200,43 6 47.0975D
0.26 33.45 0.51 1 .714 71.41Avprage 0.86 1.12 10.0043.587 5
19100.001.017 83.921.33 2.45 1.1276A
1571.431.432.24 1.26 131.730.96 576BBS
1885.710.72 6 1.85 1.581.13 157.3376C
1471.430.44 0.857 1.29 193.32 1.746D 5
82.141.44141.58 16.500.86 1.09Average 7 5.8 1.95
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Table 1A. Summary of results of the feeding experiment (Period I, day 1 to day 15)
No. ofSurvivalFeedMean wt. Mean rate Mean daily Mean dailyFinal FinalTreatments Initial Initial
moltsraterate of efficiencyincrease of growth rate ofno. of meanmeantank no. no. of
(g. feedingB.W.B.W. growthprawnsprawns
(g.(g.)
1.55 473.25 100.001.371.0015.050.2071,341A 7
1100.001.48 88.841.3120.300.191.1570.9671B
M50 3100.001.690.17 1.56 92.3724.600.8970.721C 7
100.00 42.562.51 98.120.63 0.19 42.5070.441D 7
88.15 100.00 3.007 25,61 1.60 1.770.191.067 0.87Average
21.40 69.12 85.700.970.17 11.501.5061.332A 7
100.00 21.34 73.510.9814.801.10 0.1472B 0.967
M40 4100.0024.70 1.631.57 95.980.170.890.72 72C 7
100.002.332.26 97.13 30.17 37.507 0.612D 7 0.44
83.941.68 2.750.16 22.10 1.44 96.436.8 1.027 0.86Average
85.70 40.21 13.80 0.951.34 1.55 0.90 95.417 63A
1.29 1.46 88.361.15 0.19 19.80 100.00 13B 7 0.96 7
7 0.21 29.003C 0.72 0.93 1.867 97.09 100.001.81 3M30
3D 7 7 0.58 0.14 1.97 2.180.44 32.00 90.22 100.00 2
0 .87 6.8 1.617 1.05 23.650.18 1.49 69.16 96.43 2.50Average
4A 7 1.34 0.867 1.47 0.13 0.649.40 74.37 100.00 2
4B 7 0.95 1.01 0.667 0.06 6.10 0.42 63.69 100.00 2
M2 4C 7 0.72 7 0.80 0.08 12.70 0.76 1.05 72.73 100.00 1
4D 7 0.44 7 0.61 0.17 2.602.30 88.41 100.0038.50 1
7 0.86 7 0.97 0.11 16.68 1.03 1.29 74.80 100.00 1.50Average
5A 7 1.34 7 1.45 0.11 8.40 0.58 1.53 37.60 100.00 3
5B 0.967 7 1.01 0.05 0.385.50 0.82 46.55 1000.00 2
5C 7M10 0.72 7 0.79 0.07 9.90 0.67 1.03 65.37 100.00 2
5D 7 0.43 0.497 0.06 0.8212.10 1.02 80.48 100.00 1
7 0.86 7 0.93 0.07 8.98 0.62 1.10Average 57.50 100.00 2.00
6A 7 1.33 7 1.53 0.20 14.84 1.00 100.00 5
6B 7 0.96 7 1.21 0.25 26.30 1.66 100.00 4
BS 0.726C 7 7 0.96 0.24 33.90 2.06 100.00 3
6D 0.447 7 0.60 n.16 34.80 2.12 100.00 4
0.867 7 1.07Avernge 0.21 27.46 1.71 4.00100.00
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Table .11. Summary of results of the feeding experiment (Period II, day 16 to day 30)
No. ofFeed SurvivalMean wt. Mean rate Mean daily Mean dailyFinalFinalInitial InitialTreatments
moltsrate of efficiency raterate ofincreaseno. of meanmeanno. oftank no. of growth
feedingB.W.B.W. (g.) growthprawnsprawns
(g.)(g.)
100.0081.731.04 20.21 13.60 0.851.761.55 7.71A
21.61 100. 001.5225.70 94.321.45 0.301.157 71B
M50 100.00 40.21 1.42 1.76 80.8023.801.111C 0.89 77
1.92 82.35 100.000.17 26.90 1.580.80 51D 7 0.63 7
84.801.06 1.28 0.22 22.50 1.34 1.58 100.007 7 3.25Average
0.232A 1.50 1.73 15.40 1.14 83.41 83.336 0.955 5
2B 1.10 1.45 0.36 2.08 89.757 6 32.10 1.87 85.70 5
M40
2C 0.227 0.89 7 1.12 24.80 1.47 1.97 74.70 100.00 2
Q6.300.612D 7 6 0.88 2.000.27 32.50 1.93 85.71 3
6.8 1.02 6 1.29Average 0.27 26.20 1.55 1.80 86.04 88.69 3.75
1.553A 6 6 1.66 0.11 7.10 0.46 0.86 100.0053.26 2
3B 1.157 1.347 0.19 16.80 1.03 1.20 86.11 100.00 2M30
3C 7 0.93 6 1.15 0.22 24.00 1.43 1.50 95.39 85.71 2
3D n.137 0.710.58 5 24.80 0.72 87.720.82 71.43 5
6.8 1.05 6 1.21Average 0.16 18.18 0.91 1.09 80.62 89.29 2.75
4A 7 1.47 7 1.60 0.990.13 0.589.10 58.80 100.00 3
4B 7 1.01 7 1.13 0.12 11.50 0.73 1.15 63.26 100.00 3M20
4C 7 0,80 0.956 0.15 19.50 1.18 2.14 55.17 85.71 6
4D 7 0.730.61 7 0.1 19.50 1.18 1.30 90.77 100.00 2
6.8Average 7 0.97 0.131.10 12.85 9.40.92 1.39 67.00 3.50
5A 7 1.45 7 1.50 0.05 3.40 0.23 0.68 33.31 100.00 2
5B 7 1.01 7 1.06 0.0 5 5.30 0.34 0.83 41.11 100.00 2
M10 5C 7 0.79 6 0.86 0.07 10.30 0.58 1.00 55.37 85.71 2
5D 7 0.49 7 0.54 0.05 10.90 0.69 1.01 67.81 100.00 2
7Average 7.480.93 6.8 0.88 96.430.99 0.06 0.45 49.40 2.00
6A 7 1.53 7 1.77 0.23 15.20 0.94 100.00 4
6B 7 1.21 7 1.55 0.34 28.10 1.64 100.00 1BS
6C 7 0.96 7 1.22 0.26 26.80 1.58 100.00 S
6D 7 0.60 7 0.76 0.16 27.50 1.61 100.00 3
Average 7 1.07 1 .27 0.25 24.40 1.44 100.00 3.25
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Table 12. Summary of results of the feedin experiment (Period III, day 31 to day 45)
Feed Survival No. ofFinal Mean wt. Mean rate Mean daily Mean dailyFinalTreatments Initial Initial
rate of efficiency rate moltsno. of mean increase of growth rate ofno. of meantank no.
B.W.B. W. growth feedin(g.prawns prawns
(g.
0.940.770.22 12.30 81.62 100.001.97 31.76 771A
1.14 1.381.72 0.27 18.75 82.42 85.711.45 61B 57
H50 1.30 0.19 17.20 1.05 1.271.11 7 82.75 100.001C 47
1.08 1.98 2.107 0.80 6 0.28 34.90 85.71 21D 94.45
7
1 .57 1.420.24 20.791.28 6.5 1.24 92.86 3.585.31Average
2A 1.73 2.05 0.32 1.11 1.315 18.23 84.555 100.00 4
2B 6 1.45 6 1.82 0.36 25. 00 1.48 1:88 78.55 100.00 3
M40 2C 1.127 7 1.32 0.21 18.70 1.43 1.97 72.73 100.00 3
2D 6 0.88 6 1.07 22.600.20 2.192.03 92.61 100.00 3
1.576 1.29 6 1.84Average 0.27 21.14 1.51 82.11 3.25100.00
3A 6 1.66 5 1.86 0.21 12.51 0.79 1.42 55.81 83.33 4
3B 7 1.34 6 1.53 0.19 14.31 0.89 1.46 61.11 85.71 4M30
3C 6 1.15 5 1.48 0.33 26.70 1.58 1.78 88.57 83.33 3
3D 5 0.70 4 0.88 0.18 18.60 1.16 1.52 76.11 80.00 1
1.216Average 5 1.44 0.23 1.5518.04 1.11 73. 112 83.09 3.00
4A 7 1.60 7 1.74 0.13 8.40 0.54 0.87 62.10 100.00 4
4B 7 1.13 7 1.25 1.20 10.65 0.67 1.05 64.13 100.00 2M20
4C 6 0.95 5 1.08 0.1 13.50 0.84 1.67 50.37 83.33 1
74D 7 0.73 0.86 0.14 19.05 1.16 1.39 83.60 100.00 3
6.8Average 1.10. 65.556.5 0.13 12.90 0.80 1.24 2.0095.83
5A 7 1.50 7 1.57 0.07 4.50 0.29 1.14 25.42 100.00 5
5B 7 1.06 5 1.13 0.07 0.579.00 2.70 21.11 71.43 3M10
5C 6 0.86 5 0.94 0.09 10.23 0.65 1.74 37.37 83.33 4
5D 7 0.54 7 0.60 0.06 10.51 0.67 1.82 36.90 100.00 0
Average 6.8 0.99 1.6 0.07 8.56 0.55 1.85 30.20 88.69 3
6A 7 1,77 7 2.10 0,33 18.75 1.14 100.00 4
6B 7 1,55 6 1.89 0.35 22.30 1.34 85,71 5BS
6C 7 1,22 6 1.48 0.2.7 20.70 1.26 85.71 3
76D 0.76 1.05 0.29 29.70 1.77 85.71 3
Avernge 7 1.32 6.3 1.62 0.31 22.86 1.38 3.7589.2E
1.23
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Table 13. Summary of results of the feeding experiment (Period IV, day 46 to day 60
Feed No. ofSurvivalFinal Mean wt. Mean rate Mean daily Mean dailyFinalInitial InitialTreatments
moltsrate of efficiency rateincrease of growth rate ofno. of meanmeanno. oftank no.
feedingB.W.B.W. (g• growthprawnsprawns
(g.(g•
85.71 10.84 81.310.6811.402.24 0.2761.9771A
1.15 100.00 20.91 79.4215.701.99 0.2761.721B 6M50
100.00 478.751.211.51 0.21 16.50 0.9571.3010 7
482.76 83.331.321.26 0.18 19.36 1.091.08 51D 6
Average 0.91 80.56 2.751.130.23 15.746 1.75 92.261.526.5
15.502.42 0.37 0.91 1.16 78.37 80.00 12.05 42A 5
17.80 1.03 1.34 77.03 83.33 01.82 2.17 0.352B 6 5M
40 18.80 1.07 1.45 73.85 85.71 21.32 6 1.55 0.222C 7
1.27 22.65 1.25 1.482D 1.07 5 0.19 84.47 83.336 3
Average 1.07 83.091.57 1.366 1.85 0.28 18.69 78.43 1.505
3A 5 1.86 4 2.06 0.20 0.67 1.0411.30 64.38 80.00 0
6 1.533B 5 1.80 18.40 1.05 1.490.27 70.57 83.33 4M30
5 1.48 43C 1.78 0.30 1.04 1.6817.95 62.10 80.00 1
4 0.883D 1.043 0.16 18.64 1.06 1.33 79.79 075.00
Average 5 1.67 16.571.44 4 0.23 1.380.96 69.21 79.58 1.25
4A 1.747 5 1.93 0.20 1n.20 0.48 0.80 60.33 71.43 0
4B 1.257 6 1.43 0.19 15.40 0.89 1.35 66.14 85.71 3M20
4C 5 1.08 4 1.18 1.070.11 54.380.58 80.009.80 2
4D 7 0,86 7 1.00 0.14 16,16 0.93 1.52 61.15 100.00 2
Average 6,5 1.23 5.5 1.39 0.16 12.89 0.72 1.18 60.50 84.29 1.75
5A 7 1.57 6 1.64 0.08 0.294.80 1.02 28.42 85.71 2
5B 5 1.13 4 1.18 0.05 7.40 0.44 1.95 22.53 80.00 5M10
5C 5 0.94 4 1.01 0.07 8.20 0.49 1.40 35.06 80.00 1
5D 7 0.60 6 0.63 0.04 0.55 0.889.44 62.79 85.71 4
Average 6 1.Ub 5 1.12 0.06 37.207.46 0.44 1.31 82.86 3.00
6A 7 2.10 7 2.45 0.35 16.70 0.96 100.00 6
6B 6 1.89 2.225 0.33 18.85 1.07 83.33 5BS
6C 6 1.48 6 1.85 0.37 25.20 1.40 100.00 7
6n 6 1.05 5 1.29 0.24 27.22 1.47 83.33 4
Average 6,3 1.62 5.8 1.95 0.32 21.99 1.23 5.5091.67
( % )
( % ) ( % )
( % ) ( % )
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T able 1 4 . B ody compositionof tail muscleof shrimpat the end of
the feeding experiment
D iets W ater A sh P rotein L ipid
M5 0 7 7 . 1 2 1 . 7 9 2 0 . 3 5 0 . 9 7
7 6 . 3 5 1 . 5 4 1 9 . 3 9 0 . 9 8M4 0
7 7 . 7 7
M3 0
1 . 4 6 1 8 . 8 4 0 . 9 4
M2 0
7 5 . 8 5 1 . 7 8 1 9 . 8 8 0 . 9 7
M1 0
7 7 . 3 9 1 . 7 5 1 8 . 4 6 0 . 9 8
BS 7 5 . 7 5 1 . 4 8 19. 71 0 . 9 6
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Table 15. Assimilation rates of shrimp on different protein-level
diets




14 12.00 8.488.32 75.5
M5 C
7.80 77.5M40 6.292.00 551
8.00 4.80M30 2.00 4.52 76.5
2.908.05 2.71 76.8M20 2.00




Table 16. Record of dead and diseased animals during the experimental periods
Diets Initial Period Period Period Period Total Dead with died
no. of I II III IV dead brown of fungus
Deadshrimp Dead Dead Dead shrimp spots
28M50 0 0 0 0 2 7.1 2 7.1 4 3 75
28M40 1 3.6 3 10.7 0 0 4 14.3 8 6 75
28M30 1 3.6 3 10.7 4 14.3 4 14.3 12 9 75
28M20 0 0 1 3.6 1 3.6 4 14.3 6 4 67
28M10 0 0 0 0 4 14.3 4 14.3 8 6 75
28BS 0 0 0 0 3 10.7 2 7.1 5 2 40
168Total 2 1.2 7 4.] 14 8.3 20 11,9 43 30 70
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Table 17. Calculated results of molt frequency
M50 M40 M30 M20 M10 BS
No. of molts 10 12 10 9 12 19
A No. of shrimp-days 416 321 333 408 415 420
Molt frequency 0.024 0.037 0.030 0.022 0.029 0.045
No. of molts 10 10 11 10 12 15
B No. of shrimp-days 396 374 419376 378 392
Molt frequency 0.025 0.027 0.029 0.024 0.032 0.038
No. of molts 15 11 9 10 9 18
C No. of shrimp days 420 408 343 350 363 402
Molt frequency 0.036 0.027 0.026 0.029 0.025 0.045
No. of molts 15 12 8 8 7 14
D No, of shrimp-days 371 351 305 420 411 399
Molt frequency 0.040 0.034 0.026 0.019 0.017 0.035
Average molt freq, 0.031 0.031 0.028 0.023 0.026 0.041








29.40 4.934.61 32.408-22 3.00





0.81 8.05 2.652.65 8.8610-3
*data supplied from the sea water chemistry group
Other parameters measured:.
Water temperature: 15.3- 16.8 C
Salinity: 30.0- 31.8 parts per thousand
Dissolved oxygen: 90.0- 96.4% saturation
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Table 19. Spearman rank correlation coefficient test on results of mortality,
molt frequency, assimilation rates of diets, and body composition
of tail muscle of.shrimp at the end of the feeding experiment, with
that of protein levels in the diets, in the order of 50%, 40%, 30%,
20%, and 10%.
Number Coefficient Significance level
N 0.05r 0.01
S
-0.33Mortality 5 0.9 1.0
Molt frequency
Group A 5 0.2 0.9 1.0
-0.4Group B 5 0.9 1.0
Group C 5 0.7 0.9 1.0
Group D 5 1.0** 0.9 1.0






Water 5 0.2 0.9 1.0
-0.1Ash 5 0.9 1.0
Protein 5 0.7 0.9 1.0
-0.15Lipid 5 0.9 1.0
* positive value shows positive correlation, negative value shows negative
correlation.
**significantly correlated at 0.05 level.
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Table 20. Student's t-distribution test on the growth of shrimp under
different diet treatments, Group A, B, C, D.
M40 M20M50 M30 M10 BS
24 20 20No. of shrimp 16 22 23
0.957 0.8190.844 0.528 0.297 1.091Mean of growth
S. D 0.250 0.1020.156 0.3130.166 0.103
Sum of x2 11.119.29 18.85 1.9636.362 29.54
Sum of x 21.09 11.6219.14 13.11 25.105.941






10.841.71* 3.20 8.03BS 3.00
* non-significant (p is smaller than 0.05)
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T able 2 1 . S tudent' s t - distributiontest on the growthof shrimpunder
differentdiet treatments, G roup A .
M5 0
M4 0 H2 O M1 0M3 0 BS
6 . 0 0N o . of shrimp 4 . 0 04 . 0 0 5 . 0 0 6 . 0 0 7 . 0 0
0 . 7 21 . 0 40..85 0 . 5 5 0 . 3 1 1 . 1 1M ean of growth
S . D . 0 . 1 5 0 . 0 2 0 . 0 7 0 . 0 8 0 . 0 5 0 . 3 1
S umof x 2 4 . 4 9 4 . 3 2 2 . 0 8 1 . 5 5 0 . 5 8 9 . 2 5
S umof x 4 . 1 6 2 . 8 7 2 . 7 65 . 1 3 1 . 8 4 7 . 7 8
S . E . of mean 0 . 0 6 0 . 0 1 0 . 0 4 0 . 0 4 0 . 0 2 0 . 1 2
M5 0M5 0
M4 0 M4 02 . 4 8
M3 0 1 . 7 2 * 8 . 4 3 M3 0
M2 0 4 . 1 5 1 1 . 6 3 . 1 8 X 2 0
Ml ( 8 . 7 3 2 7 . 2 1 0 . 5 H1 06 . 1 0
BS 1 . 8 4 * 2 . 4 20 . 4 5 * 6 . 1 73 . 8 5
* non - significant( p is smallerthan 0 . 0 5 )
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Table 22. Student's t-distribution test on the growth of shrimp under
different diet treatments, Group B.
BSH50 M10M40 MID M20
5.00No. of shrimp 5.00 6.00 4.00 5.006.00
1.04 0.85Mean of growth 1.18 0.49 0.26 1.27
0.19S. D. 0.06 0.02 0.1 0. 0! 0.29
Sum of x2 6.64 6.97 3.62 1.53 0.28 8.43
6.22Sum of x 5.90 4.25 2.93 1.04 6.36




H30 2.15* 11.9 M30
H2O 10.3 5.676.09 M20
26.1 25.2Ml 7.82 3.08 M10
0.71*1.63*BS 3.29 6.00 6.90
* non-significant (p is smaller than 0.05)
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Table 23. Student's t-distribution test on the growth of shrimp under
different diet treatments, Group C
BSM10M20M30M40M50
6.004. 4.004.006.007.00No. of shrimp
1.130.440.491 .030.840.79Mean of growth
S 0.090.100.080.020.040.13. D
n-Rn 7.751.004.264.254.51Sum Of x2
6.801.98 1.764.135.045.55Sum of x







*non sinificant (p is smaller than 0.05)
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Table 24. Student's t-distribution test on the growth of shrimp under
different diet treatments, Group D.
M10 BSM40 M30 M2CH50
3.005.00 5.00 6.00No. of shrimp 7.00 5.00
0.810.84 0.57 0.57 0.830.22Mean of growth
S. D. 0.10 0.090.19 0.09 0.410.07
2.29 2.29Sum of x2 3.65 3.3] 0.30 4.12
Sum of x 4.19 4.04 3.96 1.303.96 4.15




3.30M20 4.34 0.96* M2C
9.5811.97.52 7.54 M10M10
0.12* 0.86*BS 0.03* 1.68* 3.65
* non-significant (p is smaller than 0.05)
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A : Y = 0 . 0 8 6 + 0 . 0 3 0 x3 . 5
B : Y = - 0 . 1 2 + 0 . 0 5 3 x
C : Y = 0 . 6 7 + 0 . 0 3 8 x
3 . 0
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Y 0 . 0 8 6 + 0 . 0 3 x1 . 8
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Figure 16. Linear regression correlation between daily growth





































A: LATERAL VIEW OF REARING TROUGH
B: TERMINAL VIEW OF REARING TROUGH
C: TOP VIEW OF REARING TROGH
D: LATERAL VIEW OF SUMP AND FILTER SYSTEM
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FIGURE 18 (CONTINUED)
KEY TO LABELLINGS IN THE DIAGRAM
(1) PVC delivery pipe
(2) PVC pet-cock
(3 PVC overf low wipe
(4) Plexiglass plate
(5) 1/8-wide slit in (4)
(6) Outside standpipe
(7) Perforated PVC plate (1/8" holes)
(8) Heater, controlled by thermostat




(13) Filter screen plate
(14) Water level
(15) Water collected from all troughs
(16) Make-up ambient sea water
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PLATE 1. External view of the black spot in gill region of diseased
shrimp due to infection of a fungus (carapace removed)
PLATE 2. Fungus isolated from the black tar scab underneath the
carapace (375x)
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PLATE 3. Fungus grown underneath exoskeleton in the abdomen of the
diseased shrimp (520x)
PLATE 4. Filamentous organisms (non-fungal) found inside the cephalo-
thorax of dead shrimp (780x)
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APPENDIX: Sources of nutritional data of food ingredients
Tuna meal Star-Kist, San Pedro, California
Blood meal Albers Feed Mill, Santa Rosa, California
Yeast (Yeaco 20) Milbrew,Inc., Juneau, Wisconsin
Shrimp meal (Sea-Pro) Sea-Pro, Inc., Rockland, Maine
Brine shrimp Ralston Purina, St. Louis, Missouri
Egg white solid General Biochemicals, Chagrin Falls, Ohio
Wheat Germ Nutritional Biochemicals Corp., Cleveland, Ohio
Alfalfa meal Mr-Pro) Batlay-Janes, Brawley, California


